It's known that having multiple sexual partners is one of the risk factors of human papillomavirus (HPV) infection which is a major cause of cervical cancer. However, it is not clear whether the number of sexual partners is an independent risk factor for cervical cancer. We identified relevant studies by searching the databases of MEDLINE, PubMed and ScienceDirect published in English from January 1980 to January 2014. We analyzed those studies by combining the study-specific odds ratios (ORs) using random-effects models. Forty-one studies were included in this meta-analysis. We observed that the number of sexual partners was associated with the occurrence of non-malignant cervical disease (OR=1.82, 95%CI 1.63-2.00) and invasive cervical carcinoma (OR=1.77, 95%CI 1.50-2.05). Subgroup analyses revealed that the association remained significant after controlling for HPV infection (OR=1.52, 95%CI 1.21-1.83 for non-malignant disease; OR=1.53, 95%CI 1.30-1.76 for invasive cervical carcinoma). We found that there was a non-linear relation of the number of sexual partners with both non-malignant cervical disease and invasive cervical carcinoma. The risk of both malignant and non-malignant disease is relatively stable in women with more than 4-7 sexual partners. Furthermore, the frequency-risk of disease remained significant after controlling for HPV infection.The study suggested that having multiple sexual partners, with or without HPV infection, is a potential risk factor of cervical cancer.
Introduction
Cervical cancer is the second most common cancer and an important public health problem worldwide. It is generally known that HPV infection is one of the major causes of cervical cancer (Kjaer et al., 1996a; Walboomers et al., 1999) . After the discovery of the strong link between HPV infection and cervical cancer, it remains unclear and controversial whether the associations of other known risk factors for cervical cancer are still relative or have become irrelevant. In addition, with the development of HPV vaccines, most vaccinating women will be protected from the infection. However, HPV is not found in all cases of this neoplasm, and most HPV-positive patients have not proceeded to cervical cancer. Therefore, it is necessary to investigate what are the other important risk factors of cervical cancer.
Epidemiological studies consistently show that sexual behavior is the dominant risk factor of HPV infection, especially in those with multiple sexual partners. A pooled analysis of the international Agency for Research on Cancer (Vaccarella et al., 2006) had confirmed that the PRISMA guidelines (Moher, Liberati, Tetzlaff and Altman, 2010) . A systematic literature search was performed in the database of MEDLINE, PubMed and ScienceDirect to identify epidemiological studies published in English from January 1980 to January 2014. The search used any combination of the keywords: (cervical cancer OR cervical carcinoma OR cervical neoplasm OR cervical neoplasia OR carcinoma in situ OR uterine cervix cancer) and ('sexual partner' OR 'multiple partners') and ('odds ratio' OR 'relative risk' OR 'hazard ratio'). In addition, we reviewed the content pages of the major epidemiological journals and the reference lists of relevant review articles.
Inclusion and exclusion criteria
Studies were included if they meet the following criteria: 1) case-control or cohort design, published as fulltext manuscripts; 2) provide information on the number of sexual partners in relation to cervical cancer, the number of cases ≥50; 3) the patients were definitely diagnosed as cervical intraepithelial neoplasia (CIN) or squamous intraepithelial lesion (SIL) or atypical glandular cells of undetermined significance (ASCUS) or carcinoma in situ of the cervix (CIS) or invasive cervical carcinoma (ICC) . The control population has no related diseases; 4) provide original data and include odds ratios (ORs), relative risks (RRs) or hazard ratios (HRs) and their 95% confidence intervals (CI). Studies were excluded if: 1) they were not published as full reports, such as conference abstracts and letters to editors; 2) they were based on selected patients with specific population (such as HPV-positive or HIVpositive population); 3) the data was combined or analyzed with two types of neoplasm. If an article has included multiple studies, we selected each individual study. If multiple reports were published on the same population or subpopulation, we selected in the meta-analysis only the most recent and detailed one.
Data extraction
Data extracted from each study included the name of the first author, publication year, region, age, number of subjects, type of neoplasm, adjustments, outcome measures, number of sexual partners, estimates of cancer and corresponding 95%CI. We chose the estimates of the number of lifetime partners, instead of the number of regular partners, number of recent partners or the number of extra-marital partners, because it is more representative and common. If separate risk estimates were available for different locations or each grade of CIN and their cases were more than 30, we included both risk estimates in this meta-analysis because they were based on independent cases. The incidence rate of cervical cancer was estimated being less than 5% (McDougall et al., 2007) , OR was used to refer to all risk estimates including RRs, ORs or HRs approximately. Three investigators (Z-C Liu, W-D Liu and Y-H Liu) independently reviewed and cross-checked the data. Any disagreements were resolved by consensus.
The study quality was assessed by using the NewcastleOttawa Scale (NOS), a validated quality assessment instrument for non-randomized trials. The maximum quality score is nine points and the minimum is zero.
Studies with score of eight or greater were regarded as low risk studies, whereas those with a NOS score of less than four were considered as high risk studies.
Statistical analysis
Those including studies were subdivided into two groups (non-malignant cervical disease and ICC) depending on the case definition. The non-malignant cervical diseases included CIN/SIL, CIS and ASCUS. For some studies, the estimate for the number of partners was computed by pooling the ORs for various categories. We defined reference category as few partners. Other categories, which were more than the reference category, were regarded as multiple partners and computed their combined ORs of multiple partners and 95% CI from the estimates reported in each study by using a random-effects model. In some studies, the risk estimates of different histological subtypes of ICC were provided separately. We combined their estimates by using random-effects model. Whenever possible, we computed summary estimates for different number of partners. Secondly, subgroup analysis was performed according to study design [cohort study (including the nested case-control study) or case-control study], sample source (populationbased or hospital-based), geographical region, subtype and adjustments for covariates [including HPV, AFI and reproductive factors (including age at first pregnancy and number of pregnancies)] to explore the risk of cervical cancer in each subgroup. A meta-regression analysis was used to investigate whether the heterogeneities were significant (p<0.1 was considered significant). In a further sub-analysis, we investigated the difference between the number of partners and CIN stratified by grade of CIN. To derive the frequency-risk relation between the number of partners and cervical cancer, we used a random-effect linear trend regression and a restricted cubic spline regression (Stata GLST command) to choose the best fitted model (Orsini, Li, Wolk, Khudyakov and Spiegelman, 2012) . Because very few studies had categorized above 10 partners, we combined the estimates for all those having 10 partners in each studies to avoid a false conduct. When intervals of the number of partners' categories were reported, we chose the midpoint between the upper and lower levels in the categories. For the open-ended upper interval, we chose 20% higher than the lower end of the interval to derive the midpoint (Ye et al., 2013) .
We calculated the Q-statistic (p<0.1 was considered significant) and the I 2 value to test for statistical heterogeneity between studies. I 2 ranges of 25%-50%, 50%-75%, and ≥75% was considered to represent low, moderate, and high heterogeneity respectively (Higgins and Thompson, 2002; Higgins, Thompson, Deeks and Altman, 2003) . Publication bias (p<0.1 was considered significant) was examined by using a funnel plot, Egger's test and Begg's test (Begg and Mazumdar, 1994; Egger, Davey, Schneider and Minder, 1997) . Furthermore, we conducted a sensitivity analysis by sequential omission of individual studies and excluding the high risk studies. All statistical analyses were performed using the STATA (version 12.0). DOI:http://dx.doi.org/10.7314/APJCP.2015.16.9 
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Results
Characteristics of the studies
The literature search and study selection process were shown in Figure 1 . We initially identified 1165 potentially relevant articles. After scanning of the titles and abstracts, 1088 studies were excluded. Through reading the full text of the remaining studies, another 36 studies were excluded. Finally, only 41 articles were included in the meta-analysis. These articles included 21 studies of non-malignant cervical disease, and 23 studies of ICC. In the 41 studies, three studies (Kjaer, 1998; Thomas et al., 2001; Kanjanavirojkul, Pairojkul, Yuenyao and Patarapadungkit, 2006) have provided information of non-malignant cervical disease and ICC, respectively. Four studies (La Vecchia, Negri, Fedele, Franceschi and Gallotta, 1992; Brisson et al., 1994; Parazzini, Velema et al., 2002; Hernandez-Hernandez et al., 2003) were about the non-malignant cervical disease reported separate risk estimates for different grades of CIN and one study (Bosch et al., 1992) reported two separate risk estimates for women in Spain and Colombia. We included both of these risk estimates. Thus, this meta-analysis included 26 risk estimates from 5547 cases of non-malignant cervical disease and 24 risk estimates from 6446 cases of ICC. Based on the NOS score, six articles provided information of low risk cases and six articles with high risk cases, while all other studies provided information of middle risk cases.
Non-malignant cervical disease
The overall estimate for the relationship of nonmalignant disease with the number of sexual partners (multiple partners versus few partners) was 1.82 (95%CIs 1.63-2.00; Figure 2 ), and mild heterogeneity was observed (P value for heterogeneity=0.21, I 2 =18.0%). The number of sexual partners' midpoint were categorized at 2-3, 3.1-5, 5.1-9.9 and ≥10 partners, the estimates were 1.61 (95%CI (95% CI) of non-malignant cervical disease that did not adjusted for HPV infection and test for the linearity of the association using the random-effect restricted cubic spline model with 3 knots (1, 2.5, and 12). P for non-linearity<0.001. (C) Combined RR (95% CI) of non-malignant cervical disease after controlling for HPV infection and test for the linearity of the association using the random-effect restricted cubic spline model with 3 knots (1, 2.5, and 7.2). P for non-linearity<0.001 2 =0.0%), respectively. A significant heterogeneity was observed in cohort studies compared with case-control studies (P value for difference=0.03; Table 1), with pooled ORs for cohort studies were 1.44 (95%CI 1.01-1.86) and pooled ORs for case-control studies were 1.93 (95%CI 1.73-2.12). We found that the association differed by adjustment for HPV infection (p=0.06). Pooled ORs were 1.52 (95%CI 1.21-1.83) and 1.99 (95%CI 1.79-2.19) for those studies adjusted and unadjusted for HPV infection, respectively. When we examined the associations by sample source, geographical region, subtype, adjustment for AFI, and adjustment for reproductive factors, the associations were not significantly different.
There were four studies provided data stratified by grade of CIN (Parazzini et al., 1992; Brisson et al., 1994; Velema et al., 2002; Hernandez-Hernandez et al., 2003) . Three studies did not included CIN 1 cases (Coker, Rosenberg, McCann and Hulka, 1992; Olsen, Dillner, Gjoen, Sauer, Orstavik and Magnus, 1996; Kjellberg et al., 2000) . No difference was found between high-grade CIN (including CIN 2 and 3; n=8) and low-grade CIN (including CIN 1 and CIN 1, 2; n=4) based on the analysis on ORs.
There was no evidence of publication bias as indicated by the analysis using funnel plot, Egger's test (P value for bias=0.43), and Begg's test (P value for bias=0.31). Omission of one study at a time did not impact the overall results. The summary ORs ranged from 1.79 (95%CI 1.62-1.96) to 1.87 (95%CI 1.69-2.05). And it altered slightly after excluded the studies with high risk (Parazzini et al., 1992; Brisson et al., 1994; Brisson, Roy, Fortier, Bouchard and Meisels, 1988; Kanjanavirojkul et al., 2006 ) (OR=1.77, 95%CI 1.51-2.02). We also explore the stability of the studies that had adjusted for the status of HPV infection by using sensitivity analysis. There was no significant change found in the estimates.
We observed a non-linear relation between the number of sexual partners and non-malignant cervical disease (P for non-linearity<0.001; Figure 3A ). The risk of non-malignant cervical disease did not increase when the number of sexual partners was over 7. We further explored whether there is a change of the trend of the risk after controlling for HPV infection. A similar non-linear relation was found in the studies that did not adjust for HPV infection (P for non-linearity<0.001, Figure 3B ). However, after controlling for HPV infection, there was a partial change in the trend of risk. The risk of disease increased in women who had more than 7 sexual partners (P for non-linearity=0.007; Figure 3C ).
Invasive cervical carcinoma
Women with multiple sexual partners showed a significant increase of risk of developing ICC than those who has only few partners (OR=1.77, 95%CIs 1.50-2.05; Figure 4) . We detected some heterogeneity of invasive cervical carcinoma that did not adjusted for HPV infection and test for the linearity of the association using the random-effect restricted cubic spline model with 3 knots (1, 2.5, and 6.5). P for non-linearity<0.001. (C) Combined RR (95%CI) of invasive cervical carcinoma after controlling for HPV infection and test for the linearity of the association using the random-effect linear trend regression. P for linearity=0.007 2 =0.0%), respectively]. In subgroup analyses, we found that there was a significant difference in the variable of regions (P <0.05, Table 2 ). The summary ORs of 2.39 (95%CI 1.83-2.96), 2.41 (95%CI 1.98-2.84), 1.10 (95%CI 0.72-1.49), 1.38 (95%CI 1.07-1.69) and 1.54 (95%CI 1.28-1.79) for studies were found in studies conducted in USA, Europe, Asia, Africa and Latin America, respectively. The other potential modifying factors, including sample resource and adjustment for HPV, AFI or reproductive factors, had no significant influence on the estimates.
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No obvious publication bias was found by the analysis using funnel plot, Egger's test (P value for bias=0.319), and Begg's test (P value for bias=0.785). The sensitivity analysis revealed that the overall ORs remained significant and ranged from 1.68 (95%CI 1.42-91. 4) to 1.82 (95%CI 1.50-2.15) by removing one study at a time from the main analysis. The summery OR altered slightly after excluding the study with high risk individuals (Rostad, Schei and Da, 2003; Kanjanavirojkul et al., 2006 ) (OR=1.76, 95%CI 1.48-2.04). In the studies that had adjusted for HPV infection, omission one study at a time did not alter the summary risk estimate. We observed a linear relationship between the number of sexual partners and ICC (P for non-linearity<0.001; Figure 5A ). As showed at Figure 5A , the degree of increase appeared to be more obvious when there were more than 4-5 sexual partners. Non-linearity relation was found in the studies that did not adjust for HPV infection (P for non- Figure 5B ), and the trend was similar with the overall result. However, when we explored the relation in the studies that had controlled for HPV infection, we observed a linear relation (P for linearity<0.001; Figure  5C ) between the number of sexual partners and ICC. The risk of ICC increased as the number of sexual partners increased.
Discussion
From the result of this meta-analysis, we observed a significant increased risk of cervical diseases in individuals with multiple sexual partners compared to individuals with few partners, both in non-malignant cervical disease and in ICC. The association remained exist even after controlling for the status of HPV infection, which is a major cause of cervical cancer. Notably, the frequency-risk relationship analysis showed that the trend of increased risk varied after controlling for the status of HPV infection. However, the risk for either non-malignant cervical disease or ICC increased as the number of sexual partners increased.
In the non-malignant cervical disease, we found the risk estimate for case-control studies was higher than that of the cohort studies. Selection and recall bias may be partly responsible for this difference. In addition, the association between cervical cancer and the number of sexual partners varied after adjustment for HPV infection, indicating that HPV infection was a confounding factor. However, their risk estimates were both statistically significant. Concerning the frequency-risk relation, it was worth noting that the trend of risk changed after controlling for HPV infection, implying that the effect of HPV infection has to be considered.
In the frequency-risk relation of the number of sexual partners and ICC, the estimates of the studies unadjusted for HPV infection were very similar to the results of previous collaborative reanalysis (2009) , which had conditioned on age, study or study centre and AFI. Interestingly, we found that the association between the number of sexual partners and ICC was differed by geographical region. Previous reanalysis (2009) did not analyze whether there was heterogeneity existed in different regions. However, the pooled analysis of IARC (Vaccarella et al., 2006) had reported that the risk of HPV infection for multiple sexual partners in Spain was higher, which also implied that there might be a regional difference in the risk of HPV infection. This finding was very similar to our result of regional difference. Considering that the association between HPV infection and cervical cancer was very strong, we assumed that the regional difference of ICC might mainly be caused by the risk for HPV infection for multiple partners. For this reason, we can not ignore the influence of HPV infection. Previous reanalysis (2009) reported that the estimate was lower in hospital-based case-control studies than that in population-based casecontrol studies, and they considered that this heterogeneity was attributable to the higher number of sexual partners reported by women in population-based case-control studies than that in hospital-based studies. However, we found that this difference was not statistically significant by using meta-regression in our study. And we observed that most of the population-based case-control studies were performed in Europe and USA, while most of the hospital-based case-control studies were performed in other regions. Thus, the higher number of sexual partners reported in Europe and USA might also explain some of the regional difference of ICC.
There are several potential biological mechanisms that can explain the observed results. Firstly, the pronounced risk of cervical cancer associated with the number of sexual partners is generally ascribed to the increase risk of HPV infection (Kjaer et al., 1996b) . In this present meta-analysis, we found that the association remained significant even after controlled for HPV infection. It means that there might be other unknown factors that contributed to the association between the number of sexual partners and cervical cancer. Some studies indicated that males play a critical role in the risk of developing cervical cancer in women (Buckleyet al., 1981; Zunzunegui, et al., 1986) . Nevertheless, the male factor is most likely linked to the risk of HPV infection (Yoo et al., 1997) . On the other hand, other studies suggested that the number of sexual partners could be an independent factor of cervical cancer (Parazzini et al., 1988) . There were also studies suggested that other sexually transmitted viruses, such as herpes simplex virus 2 (HSV-2) (Sitas et al., 2000) and human immunodeficiency virus (HIV) might increase the risk of cervical cancer (Castellsague et al., 2006) . Previous studies had confirmed the positive relationship between the number of sexual partners and the infection of these viruses (Malamba et al., 1994; Vaccarella et al., 2006) . It is unclear whether the association is due to an independent risk or whether it is indirectly mediated by other common risk factors, such as HIV infection and HSV-2 infection. We were unable to perform analyses stratified the adjustments for HIV or HSV-2 infection because there was no eligible study adjusted for them. Some studies indicated that AFI and reproductive factors could be confounding factors (2006; 2009) . In our metaanalysis, we did not observe significant difference between them. We found few studies focused on the age at first pregnancy and the number of pregnancies simultaneously, especially in those with non-malignant cervical disease. Therefore it is challenging to accurately evaluate the cancer risk associated with the number of sexual partners.
There are several potential limitations in this metaanalysis. First, the acceptability and reliability of questions on sexual behaviors have always been of great concern (BOYD and DOLL, 1964) . Women usually tend to conceal the number of their sexual partners (Schroder, Carey and Vanable, 2003) , particularly in conservative and traditional regions. From the result of non-malignant cervical disease, we did not observe an obvious regional disparity. Therefore it is difficult to interpret the question of reliability. On the other hand, it was hard to explain why there was no regional disparity in non-malignant cervical disease. Some studies reported that the association of ICC and HPV infection was much stronger than the relation of CIN and HPV infection (Kim et al., 2012) . We considered that ICC might be more likely to be affected by HPV. Similarly, the trend of frequency-risk relation between ICC and the number of sexual partners had become more obvious after controlling for HPV infection. Secondly, the data we obtained did not allow us to explore the relationship in different stages of ICC. Neither had it allowed us to investigate whether there is a difference between squamous cell carcinoma and adenocarcinoma. In the previous reanalysis (2009) , no evidence was found to prove that they were different. Additionally, the sensitivity might not be uniform in different HPV testing method. We found that most studies used PCR to detect HPV-DNA, which is the most sensitive method (Herrington, 1999) . No obvious heterogeneity was found in the studies that were adjusted for HPV infection. Finally, we did not include the studies restricted to HPVpositive women as previously reanalysis did. This might possibly affect the result of analysis. However, restriction to HPV-positive women in the study might affect the comparability between case and control because the HPV infection in control may be a recently acquired transient infection, while the infection in case could be a long-term infection. In addition, restriction to HPV-positive women will not reflect the whole population. For this reason, our study with no restriction to HPV-positive or HIV-positive women is more appropriate.
In conclusion, based on the results of this metaanalysis, we suggested that the number of sexual partners was associated with the development of cervical cancer. The association remained significant after controlling for HPV infection. It indicated that women with multiple sexual partners are the high risk population of cervical cancer even the HPV vaccines are implemented in a wide population. Further study is needed to collect and evaluate more detailed information on HIV, HSV-2 infection and other reproductive factors before concluding that the number of sexual partners is an independent risk factor for cervical cancer.
